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5enywKMHB A.A. M AP· El3·B0-500 

KpMoreHHWR MCT~HMK M MOHMaaTop 
AnR nony~eHMR ny~Ka nonRpMaoaaHHWX AeATpoHOB 

0nMCWBaeTCR KpMoreHHWA MCTO~HMK M MOHM88TOP AnR nony~eHMR nonR­
PMSOBBHHOrO ny~Ka AeATpoHOB Ha CMHXpot880TpDHe. McT~HMK TaKoro TMna 
MO*eT 6wT~ Ta~e MCnon~aoaaH B Ka~eCTBe CTpyAHOA nonRpMSOBaHHOA MM­
IM!HM AnR pa(X)T HI BHyTP8HHeM ny~Ke YCKOPMTenJI. 

AMCCOQMaQMR AeATepMR B MCT~HMKB BBAeTCR npM HM3KMX TeMnepaTy­
pax. 0TKB~Ka rasa npM eopMMpoB8HMM ITOMBPHOrO ny~KI oc~eCTBAReTCR C 
n~~~ KPMOHBCOCOB. AnR npocTpaHCT8eHHOrO P83AeneHMR ITOM08 no COC­
TORHMRM caepxTOHKoA CTPyKTypw MCnon~ayeTCR caepxnpoao~A .. CTMno­
IIMICHwil MarHMT c noneM 1 ,0 T. 

MOHM38QMR ITOMBpHOrO ny~KI npoM88QAMTCR 8 MOHM81TOpe ReHHMHrl B 
MarHMTHOM none AO 7 T. McT~K pa(X)TaeT • MMnyn~cHOM pe.MMB c At • 
• 50 + 100 MC M ~CTOToA cneAQaiHMR MMnyn~C08 5 + 7 C. 

McnwnHMR ycTaH08KM npo8QAMnMC~ no 2-3 HeAenM Ilea cyCSIIMMBQMM 
AeATepMR. AnR ol!ecne~eHMR ee pe5DTW ype5oaanoc~ 200 n •MAKOrO renMR 
e HeAeiiMI. RpMBOARTCR nPBAB8pMTen~HWe peayn~TBTW M3MepeHMA MHTeHCM8-
HOCTM ny~Ka AeATpoHOB. 

Pa6oTa ewnonHeHa e Ra&>paTopMM ewcoKMX 3HeprMA OMAM. 
RpenpMMT 06~HeHHOrO . MHCTMTYTa RAePHWX MCCneAOBBHMH. lyCSHa 1980 

Belushkina A.A. et al. E13·80-500 

Cryogenic Source and Ionizer 
&~- ~ o~-- ~~ n~ ,·-~·~~ n~· · • ~--- ~ 
0 ... . - ........... ..,, • .., .... .. ........ ., .................. ~ 

A cryogenic source and an ionizer are under development to 
produce a polarized deuteron bea. at the synchrophasotron . A source 
of this type can be also applied as a jet polarized target to 
operate on an internal bea. of the accelerator. 

Deuterium dissociation in the source occurs at low temperatures. 
To form an atomic beam, the gas is pumped out by means of cryopumps. 
A superconducting sextupole magnet with a field of 1.0 T is used to 
separate the hyperfine structure components of atoms. The atomic 
beam is ionized in a Penning ionizer with a magnetic field of up to 
7 T. The source operates in the pulse mode with one· pulse each 5~7 s 
and a duration of 50+ 100 ms. 

The setup has been tested for 2-3 weeks without deuterium sub­
limation. To provide its operation, 200 litres of liquid helium were 
required a week. The results are presented of preliminary measure­
ments of the deuteron beam intensity. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 

Preprlnt of the Joint Institute for Nuclear Research . Oubna 1980 

INTRODUCTION 

Cryogenic sources of polarized atoms and ions are under 
development at the Joint Institute for Nuclear Research, 
Dubna 11,~ / . A source of atoms of this type can be used as a 
j_et polarized target to operate in a main accelerator ring 13·4.1 
A source of ions is planned to obtain an accelerated 
polarized beam of deuterons at the synchrophasotron. 

A cryogenic source has a series of distinctive features: 
a) gas dissociation occurs at low temper~tures; 
b) large amounts of gas are pumped out by means of cryopumps; 
c) magnetic fields are created by superconducting magnets. 

A cryogenic source is compact and requires low power. This 
is important because the source should be installed on a 
special column with a voltage of 750 kV. In this paper a 
design of the cryogenic source and ionizer ("Polaris") is 
described, and results of preliminary tests are discussed. 

1. lJ~SH:iN AND 'I'HE PRINCIPLE OF OPERATION OF THE SOURCE 

Cryostat and vacuum system. 

A general view of the source is shown in fig.l. A nozzle 
chamber (2), a skimmer chamber (3) and a sextupole supercon­
ducting magnet (4) are placed inside a 51 1 liquid helium 
cryostat (1). The walls of the chambers and the sextupole 
magnet channel have a temperature of 4.2°K and serve as cryo­
panels to pump out the gas. Part of the walls is washed by 
liquid helium, another part is cooled due to metal thermal 
conductivity. 

When the gas is pumped out, the temperature of the walls 
can be increased due to a small heat capacity and insuf­
ficient thermal conductivity of materials. This should be 
borne in mind because vapour pressures over the solid layers 
of H2 , D 2 are very strongly dependent on the temperature of 
the the walls. Under favourable conditions the capture of 
molecules takes place after the first or second collision 
with a wall. The process of condensation of atomic flows is 
less studied. The hydrogen and deuterium atoms are captured 
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Fig. I. A general view uf the source and ionizer of 
polarized deutrons. I. Helium cryostat of the source. 
2. Nozzle chamber of the source. 3. Skimmer chamber. 
4. Superconducting sextupole magnet. 5. Nitrogen 
shield of the source. 6. Vacuum valve. 7. Dissociator. 
~. ~lectromagnetic valve ror aeuterium suppiy. ~- roie 
tips of the sextupole magnet. 10. Cryostat pipe. 
II. Helium cryostat. 12. Superconducting solenoid. 
13. Nitrogen shield of the ionizer. 14. Magnetic 
shields. IS. R.F. transition section of nuclear 
polarization. 16. Filament. 17. Anode. 18. Ion optics. 
19. Ion collector. 20. Current leads. 

worse than molecules at the same wall temperature 151 . In this 
case the speed of pumping is also dependent on the process of 
atom recombination, i.e., an additional number of collisions 
with a wall is needed. 

In order to reduce the evaporation of liquid helium, the 
cryostat has a shield {5) cooled by liquid nitrogen. Between 
the source and the R.F. transition place there is a vac,uum 
valve {6). During cooling and filling the cryostat with 
liquid helium, the source is pumped out by means of a 50 1/s 
diffusion pump. 

2 

pissociator and system of atomic beam formation. 

A pyrex glass U -shaped dissociator (7) 220 mm long is 
made from a pipe 13 mm in diameter. The dissociator is cooled 
due to the thermal conductivity of a teflon body which is in 
thermocontact with the nitrogen shield. The nozzle is cooled 
by thermocontact with the nitrogen shield as well. 

To avoid the evaporation of liquid helium, the dissociator 
is not touched upon the nozzle chamber walls of the cryostat. 
To decrease the gas outflow from the nozzle chamber to the 
vacuum volume, a gap between the dissociator and the cryostat 
is minimal. 

The deuterium is passed to the dissociator pulsewise 
through an electromagnetic valve (8) and two glass pipes 4 mm 
in diameter and ~270 mm in length. 

The gas pressure in front of the valve is measured by a 
precise differential gauge and is usually equal to 4 78 torr. 
R.F. power is supplied by means of a 100 MHz generator. The 
atomic beam is formed by the nozzle 2.2 mm in diameter, the 
skimmer d 3. 5 mm and a collimator d 7 mm. The distance 
between the nozzle and the skimmer is 12 mm, between the 
skimmer and the input of the sextupole magnet is 61 mm. 

Superconqucting sextupole magnet. 

The sextupole magnet is made so that a yoke, poles and 
coils are placed inside the cryostat in liquid helium and the 
pole tips (9) in vacuum. The poles and tips are separated by 
a pipe (10) of the cryostat. Part of the surface of this pipe 
serves as a cryopump of defocusing the component of the 
atomic beam. The pole tips are made from two series of sets 
each 140 mm long. n1e first set is a taper: the aperture 
diameter is 7 mm at the input and 12 mm at the output; the 
second set, a cylindrical one: ~ 12 mm. The yoke and the 
poles are made of steel and the pole tips of 49 K2V permen­
dur. 

The coils are made of NbTi superconducting cable 0.5 mm in 
diameter. Each coil has 67 turns. The magnetic field on the 
pole tips versus current is shown in fig.2. A Hall probe is 
placed at a distance of 30. mm from the output of the magnet. 

The magnet operates in a persistent current state. 
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Fig.2. Magnetic field of the sextupole 
magnet as a function of current. 

2. CRYOGENIC IONIZER 

Cryostat. 

Ionization of the atomic beam has v at been performed in a Penning ionizer 

v (fig.1). The ionizer consists of a 
4~iquid helium cryostat (11) and a 

10 to 30 40 l/A/ superconducting solenoid ( i2) . 
As well as the source, the ionizer 

cryostat is surrounded with the nitrogen shield (13). This 
shield has gills for gas cryopumping. An electron gun and 
ionizer optics are fixed in the pipe ~ 55 mm, which is a 
part of the shield. 

To diminish a strong magnetic field of the solenoid, the 
place of R.F. transitions for nuclear polarization has a mag­
netic shield (14). 

4 

BIT! 
4.0 

2.0 

Fig.3. Distribution of the magnetic field along the 
solenoid axis. Typical values of potentials on the 
ionizer electrodes. 
I. -1.0 kV; 2,3. +7 kV pulse; 4. +4.6 kV pulse; 
5. +0.05 kV; 6. -0.8 kV; 7,8. -1.6 kV; 9. -1.7 kV; 
10. -1.6 kV; II. Filament -0.85 kV; 12. Framework 
of the electrodes. 

Fig.4. Signals of the ion currents It~At.--:--r--,r---r-:T-:-r-.---, 
registered on the ionizer collector. r 
I. Background ion current induced 100 1--1+--.~f+---+~1-
by residual gas ionization 
(- 4·10-7 torr). 
2. Current of the ionized molecular 
beam (the R.F. generator of the 
dissociator is off). The diaphragm 
diameter is 16 mm. 
3. Ion current when the dissociator 
and the sextupole magnet are on. 
4,5. The same as in 2,3 at a 
diaphragm of 3 mm. 
6,7. Durations of the gas supply 
valve and of the R.F. generator. 

During cooling and filling the cryostat with liquid 
helium, the ionizer is pumped out by means of a 50 1/s dif­
fusion pump. 

Superconducting solenoid. 

A superconducting solenoid consists of three series win­
dings and two correcting coils made of NbTi superconducting 

r~ cnc.,..~ i u.o 1 '' 
~ ~ 

The internal winding is wound on the cryostat pipe 61 mm 
in diameter. The length of the solenoid is 300 mm. The mag­
netic field along the solenoid axis is shown in fig.3. The 
maximal magnetic field at the centre at a curren~130 A is 
6.8 T. The stored energy is 27 kj. The solenoid of the 
ionizer operates in a persistent current state as well as the 
sextupole magnet. 

Electron gun and optics (fig.3). 

A filament ( 11) and optics electrodes ( 1 + 9) are assembled 
in a framework (12) that consists of three longitudinal rods 
isolated with quartz pipes. This design allows one to achieve 
a good coaxiality of the electrodes to change easily the num­
ber of ele~trodes and their lengths. 

Electrodes (2,3,4,5) 23.5 mm in diameter are made of a 
stainless steel pipe. The diameter of ion electrodes (6 + 10) 
is 36.5 mm. 

The typical potentials on the electrodes at the maximal 
ion current are shown in fig.3. 
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Fig.5. Molecular signals at different 
deuterium pressures in front of the valve. 
(a) the difference of the signals at the 
diaphragms ~ 16 ~ and ~ 3 mm; 
(b) the signal at the diaphragm ~ 3 mm. 
I. 4 torr; 2. 6 torr; 3. 8 torr; 
4. 10 torr; 5. Duration of the gas supply 
valve. 

The optimal current 
of the solenoid for 
this mode is 43 A. The 
potentials are suppli­
ed to the filament and 
electrodes (1, 2) 
pulsewise and synchro­
nized with gas supply 
to the dissociator. 

A hollow filament 
is made of a tantalum 

ribbon 1.2 mm wide by 0.11 mm thick and 22 mm in diameter. 
Electrode (1) serves as a heat radiation shield of the 
filament as well. 

3. EXPERIMENTAL RESULTS 

Some time after filling the cryostat with liquid helium 
and degassing the filament, the vacuum was 5 + 6 ·10 - 7 torr in 
the source and 1, 5 + 2 · 10-7 torr in the ionizer. The vacuum 
level was likely to be determined by degassing the super­
insulation of the nitrogen shield. It is possible that in the 
absence of the beam the vacuum in the cool channel of the 
sextupole magnet was better. 

The pressure of deuterium in front of the valve varied 
within 1 +10 torr, and the duration of a gas supply pulse to 
the dissociator was equal to 62 ms. Pulses were supplied in 
5 +7 s. At P = 5.4 torr the flow rate of deuterium was 

torr•cm 8 
46 

1 
• After a gas pulse, the pressure in the ionizer pu se _

8 
. 

was in~'eased by -3·10 torr and in the source by 
-3·10 torr. A large increase of pressure in the source was 

explained by the fact that some amount of gas was supplied to 
the vacuum volume from the nozzle chamber through the gap 

'I 

b. 
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Fig.6. Variation of the ion current as the dis­
sociator is filled with gas at the following D2 
pressures before the valve: a) 5 torr; b) 8 torr. 
The background current of residual gas is not shown 
(- 15 rnA). 
I. The R.F. generator of the dissociator is on; the 
diaphragm diameter is 16 mm. 
2. The R.F. generator is off. 
3,4. The same as in 1,2 at a diaphragm of 3 mm. 
5,6. Durations of the gas supply valve and of the 
R.F. ~ener.Rtor. 

between the cryostat and the dissociator. A part of this gas 
could arrive at the ionizer thus increasing a background ion 
current. Background and total currents could be observed 
closing and opening an iris diaphragm on the beam way (fig.4). 
The diaphragm was installed in the region for R.F. transiti­
ons at a distance of 130 mm from the output of the sextupole 
magnet. 

Figure 5 shows the difference of the molecular signals at 
the diaphragms 16 mm and 3 mm in diameter and the signal ob­
served at the diaphragm 3 mm in diameter. Figure 6 shows the 
value and character of variation of the ion current for the 
atomic beam.as the dissociator is filled with gas. For a 
deuterium pressure of 8 torr in front of the valve the atomic 
effect achieves its maximum fastly and then it begins to 
reduce. This is likely to be due to decreasing the degree of 
gas dissociation. The dependence of the atomic effect on the 
current in the sextupole magnet is presented in fig.7. The 
ion current achieves its maximum at a current of 50 A 
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Fig.7. Atomic signal as a function 
of the current of the sextupole mag­
net at a deuterium pressure of 
8 torr in front of the valve. 
I. Molecular signal (the R.F. 
generator is off). 
2. The R.F. generator is on; the 
sextupole magnet is off. 
3,4,5,6. The same at a sextupole 
magnet current of 10 A, 20 A, 30 A, 
50 A, respectively. 

60 TlmS/ 7 ,8. Durations of the ga~ supply 
valve and of the R.F. generator. 

(3350 A·turn). When the filament is off, the ion current is 
not practically decreased. 

CONCLUSION 

The radio-frequency system of nuclear polarization did not 
.. ...,.._;__ .;... t:J.&.t:i.i..m.iu<1LY L.~~L.~ • .il.. wiii i:>e useci aiong Wl."Ul t:ne 
polarimeter the assembling of which is being completed. 
Similarly 18', the polarimeter is based on the principle of 
Lamb shift using a caesium charge exchange target. 

The source and ionizer were tested uninterruptedly with no 
sublimation over a period of 2-3 weeks. 

J 

230 litres of liquid helium were required for preliminary 
cooling and filling the cryostats. A subsequent filling of 1

1 the cryostats was made in 4 days. The total consumption of 
helium for the two cryostats was equal to about 200 1 a week 1 
taking into account transfer losses. 

The authors are grateful to Yu.A.Plis for useful discus­
sions and the information concerning the polarimeter. 
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NOTE ADDED IN PROOF 

While preparing the preprint, the ion current registered 
on the ionizer collector {figs.4,~,l) was increased by a 
factor of 2. This was achieved due to increasing the poten­
tial on the electrodes 2,3 up to 9.7 kV and due to a better 
adjustment of the optics. The filament was off. 
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